Aims: To obtain further insights into transportation mechanisms of a most effective 25 biosurfactant, arthrofactin in Pseudomonas sp. MIS38. 26 and ArfE:Km(pME6032_arfD/E) were prepared and analyzed for arthrofactin production 33 profiles. It was found that the production levels of arthrofactin were temporally reduced 34 in the mutants or increased in the gene overexpression strains, but they eventually 35 became similar level to that of MIS38. Addition of ABC transporter inhibitors, 36 glibenclamide and sodium ortho-vanadate dramatically reduced the production levels of 37
INTRODUCTION 54
Exportation of many nonribosomal peptides and polyketides requires ABC (ATP-55 binding cassette) transporter system that couples the transport with ATP hydrolysis. The 56 ABC transporter proteins are generally composed of two hydrophobic transmembrane 57 domains (TMD) and hydrophilic nucleotide-binding domains (NBD) bound or fused to 58 production. E.coli DH5α was grown at 37ºC while E.coli SM10λpir was grown at 30ºC 101 in LB broth. SOC medium was used for cultivation after electroporation (Sambrook and agarose gel by QIAquick Gel Extraction Kit (Qiagen) and plasmids were extracted using 111
QIAprep Spin Miniprep Kit (Qiagen). DNA from phage λ-S9 and λ-S12 were extracted 112 using Lambda Maxi Kit (Qiagen). Cohesive ends of gene fragments were occasionally 113 filled using Takara DNA Blunting Kit (Takara Bio) while ligation was performed using 114 Takara Ligation Kit ver. 2.1 (Takara Bio). DNA sequencing was performed by ABI 115
Prism 3100 Genetic Analyzer with BigDye Terminator v3.1 Cycle Sequencing kit 116 (Applied Biosystems). 117
Standard PCR was performed for 30 cycles using PTC-100 Programmable 118
Thermal Controller (MJ Research) and Ex-Taq DNA polymerase (Takara Bio) or KOD 119
Plus DNA polymerase (Toyobo). Oligonucleotides for PCR primers were synthesized by 120
Hokkaido System Science. Primers used in this study were listed in was analyzed at 6, 9, 12 and 18 h of cultivation in LB broth, where the growth curves 284 (OD 600 ) of the mutants and MIS38 were almost completely fitted. There was a reduction 285 in arthrofactin production by mutant strains ArfD:Km, ArfE:Km, and ArfD:Tc/ArfE:Km, 286 which was similarly reduced to 50% and 70% of strain MIS38 at 6 and 9 h respectively 287 (Table 3) . However, after 12 h, there was no significant difference between the 288 production levels of these mutants and strain MIS38. These results suggested that 289 arthrofactin was dominantly exported by ArfD/E transporter but in the mutant strains 290 eventually capable of being exported by another compatible transport system. 291
Furthermore, RT-PCR experiment indicated that expression level of arthrofactin 292 synthetase gene was similar for strains MIS38 and ArfD:Tc/ArfE:Km (Fig. 3) . 
Effect of ABC transporter inhibitors on arthrofactin production 307
It is known that arthrofactin carries strong surfactant activities, therefore there is a 308 possibility that arthrofactin was passively exported by diffusion through cellular 309 membranes in the ArfD and ArfE mutant strains. Another possibility is that resistance-310 nodulation-cell division (RND) antiporter efflux systems are involved in the arthrofactin 311 exportation. In order to examine these possibilities, several inhibitors for general ABC 312 transporters were tested for arthrofactin production. 313
It was first confirmed that the colony forming units (cfu) were not seriously 314 affected by treatment of Glb and Ovd at tested concentrations, suggesting that cellular 315 metabolisms functioned normally over the time (Fig. 4) . There was significant reduction 316 of arthrofactin production by ArfE:Km in the presence of 0.1 mM Glb (73%), 0.25 mM 317 Glb (85%), and 0.25 mM Glb + 2 mM Ovd (87%) in 1 d (Fig. 4) . Inhibitory effect of 2 318 mM Ovd was small in 1 d (26%) but it became obvious after 2 d (94%). These results 319 allowed us to conclude that exportation of arthrofactin is highly dependent on ABC 320 transporters that require the energy derived from ATP hydrolysis. 321
322

DISCUSSION 323
Genes encoding functionally connected enzymes often form a cluster or an operon 324 structure in the bacterial chromosome. This seems to fit the case for a NRPS and the 325 product transporter genes. P. syringae pv. syringae strain B301D-R produces two (Fig. 3) and did not lead to dramatic loss of arthrofactin production, 364 supporting assumption that there is another transport system that is functionally flexible 365 enough to export arthrofactin. On the other hand, overexpression of arfD and arfE led to 366 an increase of 50% arthrofactin production in 1 d, indicating that these genes are indeed 367 important for exportation, but the production level was not different after 2 d between the 368 overproducers and MIS38. Exportation may not be a rate limiting step for the production 369 of arthrofactin at this time. In summary, the production level of arthrofactin was highly 370 controlled at a proper level. Although we tried to detect intracellular arthrofactin bymutants and overproducing strains as well as MIS38. This result suggests that production 373 of arthrofactin is coupled with translocation. Because MIS38 was isolated from a highly 374 hydrophobic oil field, production of the strong biosurfactant may be essential to survive 375 and keep preferred habitats. 376 E. coli have two notable systems involved in the resistance of macrolide 377 antibiotics, i.e. the AcrAB-TolC and MacAB-TolC system. AcrAB belongs to the RND 378 efflux pumps whereas MacAB belongs to the ABC transporters superfamily (Zgurskaya 379 and 
